Pneumonectomy carries a high-risk for postoperative complications. The aim of the study was to identify factors that may predispose to the development of major postoperative complications after pneumonectomy for lung cancer. All consecutive patients from January 2000 to December 2005 were retrospectively studied. Major postoperative complications were defined by respiratory failure, pulmonary embolism, pneumonia, shock, cardiogenic pulmonary oedema, myocardial ischaemia or symptomatic cardiac arrhythmia. One hundred and twenty-nine patients were included. The overall hospital mortality rate was 10.8%, and complications occurred in 42.6%. Multivariate analysis revealed that patients with American Society of Anesthesiologist (ASA) class )2 wodds ratio (OR) 8.26; 95% confidence interval (CI), 3.19-36.55x and liberal fluid administration during surgery (OR, 1.96 for each litre; 95% CI, 1.45-3.16) to be risk factor for major cardiopulmonary complication or mortality. Preoperative haemoglobin G10 gydl (OR, 0.19; 95% CI, 0.01-0.91) and low tidal volume administrated during surgery (F7.35 mlykg; OR, 0.36; 95% CI, 0.10-0.92) were identified as protective factors. Pneumonectomy remains a high-risk surgery. Postoperative complications may be influenced by the comorbidities but also the management of fluid infusion and mechanical ventilation during the surgical procedure.
Introduction
Surgery has a major place in the curative treatment for patient with lung cancer w1x but pneumonectomy remains a high-risk procedure with several risk factors w2x. Patientrelated risk factors, such as age, cardiac disease and preoperative haemoglobin have been identified w3x. Perioperative factors, such as the duration of the procedure, large fluid infusion or ventilator setting may have also an impact on the recovery period w2-5x. The surgery and the surgeon's and the expertise may also influence the outcome and mortality after lung resection w6x. All trials that have studied the risk factors for postoperative morbidity after pneumonectomy have included patients operated on by several surgeons. Our objective was to identify risk factors that may predispose to the development of major postoperative complications after pneumonectomy for lung cancer performed by a single surgeon. E-mail address: emmanuel.marret@tnn.aphp.fr (E. Marret).
Patients and methods

From
(B.B.) in our 800-bed hospital. Two authors identified and reviewed the hand-written charts of all patients who had undergone pneumonectomy for primary lung cancer during this period. Patients received antibiotic prophylaxis with a second-generation cephalosporin. A non-muscle sparing postero-lateral thoracotomy was accomplished with lymph node resection. No lung isolation was performed. When discharged from the recovery room, patients were managed in the thoracic surgical ward unless complications required their admission to the ICU. Postoperative pain control was mainly achieved by multimodal analgesia combining morphine, non-opioid analgesics and paravertebral block. All patients had an active programme of physiotherapy.
Endpoints
Definitions of major postoperative complications
The primary endpoint of the study was the occurrence of major complications or mortality during the hospitalization. Complications were defined with the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0. Complications of grade 3 or higher were considered to be major.
Pulmonary complications were as follows: (1) postoperative respiratory failure defined as the need for continuation F300 mmHg and infiltrates seen on frontal chest radiograph, with no clinical evidence of left atrial hypertension, (3) pneumonia defined as when patients developed fever with a new lung infiltrate and had purulent tracheal secretions confirmed by a bacterial culture of the protected specimen brush )10 CFUyml, (4) empyema defined as the 3 presence of purulent material in the postpneumonectomy pleural space and (5) bronchopleural fistula. Major cardiovascular complications were defined as follows: (1) symptomatic cardiac arrhythmia requiring urgent treatment, (2) symptomatic cardiogenic pulmonary oedema, (3) acute myocardial infarction (electrocardiogram modification and elevation of cardiac troponin I) or unstable angina, (4) pulmonary thromboembolism confirmed by contrast-enhanced chest computed tomography and (5) shock. Shock was defined as a decrease in systolic BP (-90 mmHg) despite adequate vascular filling and the need for vasoactive drugs for more than 12 h. Eventually, analysis of the results showed that some patients had more than one complication. Only one complication per patient was taken into account for statistical analyses.
Evaluation
The following data were abstracted from the medical records. They included preoperative factors: age, sex, body mass index, smoking history (pack-year history), alcohol history, comorbid cardiovascular conditions (pre-existing history of myocardial infarction, angina pectoris, congestive heart failure, hypertension, arrhythmia, stroke), diabetes mellitus, preoperative pulmonary function tests, American Society of Anesthesiologist (ASA) class, type of primary lung cancer, induction chemotherapy (IC), preoperative radiotherapy, blood analysis (urea, creatinine, haemoglobin, platelet count, neutrophil count, blood gases); perioperative factors (data available for all patients): duration of surgery, total volume of fluid infusion, total blood transfusion, highest airway peak pressure and largest tidal volume (intraoperative V ). The predicted postoperative T forced expiratory volume in 1 s (FEV FEV-ppo) was estimated by the formula: FEV -ppospreoperative 1 FEV=(1-(S=5.26)y100), where S is the number of bronchopulmonary segments removed. A right pneumonectomy was considered to cause a 55% decrement in preoperative FEV, and a left pneumonectomy to cause a 45% decrement.
Both pulmonary and non-pulmonary complications were ascertained by detailed chart review according to the operational definitions reported below. It is consequently acknowledged that retrospective identification of major complications depended on the detail and completeness of the medical record. To minimize this factor, the analysis was limited to postoperative complications thought to be clinically significant and thus unlikely to be omitted from the medical record.
Statistical analysis
Continuous variables were compared by a non-parametric test (Mann-Whitney) and categorical variables by the x or 2 Fisher's exact test. Stepwise logistic regression analysis was then applied to identify independent variables for the risk of major complications using significant univariate predictors. The validity of the model was evaluated by the degree of concordance and the Hosmer and Lemeshow test. A P-0.05 was considered significant.
Results
Study population
One hundred and twenty-nine patients (mean age, 62" 10 years; 112 men) underwent pneumonectomy for lung cancer (left ns66, right ns63) during the five-year period. Arterial hypertension (26%), chronic obstructive pulmonary disease (COPD) (33%), peripheral artery disease (12%), coronary artery disease (CAD) (9%) and diabetes mellitus (9%) were the most frequent co-morbidities. Alcohol consumption and smoking history with more than 25 packsyear (PY) were noted, in 12% and 65%, respectively. Forty-three patients were classified as ASA 3 or 4. Squamous cell carcinoma was the most common histological type (61%), followed by adenocarcinoma (28%), and others types (11%). Staging of lung cancer based on clinical data was as follows: stage I (16%), stage II (21%), stage IIIa (28%), stage IIIb (29%), stage IV (6%). Ninety-two patients (71%) received IC and one had both preoperative radiotherapy and chemotherapy. (Table 1) Cardiopulmonary complications occurred in 55 (44%) patients. The duration of hospital stay was significantly longer in patients with major complications (10"3 vs. 21"24 days; P-0.001). Pulmonary complications were the most frequent major postoperative complication (ns39; 30% - Table 1 ). Bacterial pneumonia was the most prevalent complications (ns29; 22%). Gram-negative bacilli (ns15) represented the most frequently identified strain responsible for postoperative pneumonia. Streptococcus species represented the most frequently involved cocci Gram- positive microorganism (ns7). Six episodes of pneumonia were associated with polymicrobial infection. All bacterial pneumonia occurred during the first week after surgery. Thirteen patients with bacterial pneumonia developed septic shock and eight patients died. Nine patients (7%) experienced ALI. Empyema was observed in one patient. Twenty-three patients were left intubated after surgery for more than 72 h or had to be reintubated. Major cardiac morbidity was observed in 12 patients: five developed myocardial infarctions, four had an unstable angina and three severe arrhythmias. One haemorrhagic shock was observed just after surgery that required arterial embolization.
Major postoperative complications and mortality
The overall mortality rate in hospital was 10.8% and was mainly related to the presence of pulmonary complications ( Table 1) . Eight patients (28%) with respiratory failure due to postoperative pneumonia (ns29) had a fatal outcome. Three of the nine patients developed postoperative ALI died (33%). Two patients with a myocardial infarction developed cardiogenic shock and died. Haemorrhagic shock that necessitated massive transfusion was responsible of death in one patient.
Risk factors for major postoperative complications
There were no significant differences in sex, comorbid conditions (CAD, diabetes, hypertension, congestive heart failure), preoperative blood gases, baseline pulmonary function tests, alcohol history, the presence of IC, side of pneumonectomy, and duration of anaesthesia between patients who did and did not develop major complication. Other factors were statistically significant in the univariate analysis ( Table 2) . Stepwise logistic regression analysis identified four independent factors. Two factors were associated with worse outcome: ASA class G3 wodds ratio (OR), 8.26; 95% confidence interval (CI), 3.19-36.55; P-0.0001x and liberal fluid administration during surgery (OR, 1.96yl; 95% CI, 1.45-3.16; Ps0.0001). In contrast, haemoglobin level G10 gydl (OR, 0.19; 95% CI, 0.01-0.91; Ps0.01) and protective ventilation using low V used during surgical T procedure (tidal F7.35 mlykg predicted body weight (OR, 0.36; 95% CI, Ps0.03) ) decreased the probability of major postoperative complications. The Hosmer and Lemeshow test verified the validity of the model (Ps0.659).
Discussion
This cohort confirms that pneumonectomy for lung cancer is a high-risk procedure. Presence of severe co-morbidities, level of preoperative haemoglobin but also management of fluid and ventilation during the surgery may have an impact on the outcome.
Protective ventilation during surgery with a tidal volume -7.35 mlykg was identified as an independent factor in decreasing the risk of complication. The adverse effects of large V have been demonstrated in patients mechanically T ventilated for acute respiratory distress syndrome (ARDS) and ALI w7x. The effect of tidal volume in patients mechanically ventilated during a short period of time, as happens during anaesthesia, remains more controversial. Experimental studies have demonstrated that small V during one surgery in cancer patients scheduled for pneumonectomy may be of interest. Our findings on fluid administration are in agreement with previous reports that pointed out excessive administration as a contributing factor to the development of postpneumonectomy respiratory failure w4x. Level of haemoglobin was also found to have an impact on the outcome of patients included in our study. Low preoperative serum haemoglobin was also identified by others as a factor that could affect early morbidity and mortality after pneumonectomy w3x. Interestingly, patients with preoperative haemoglobin F10 gydl have also shorter overall and event-free survival after lung cancer surgery w11x.
The current retrospective study has several limitations. The sample size is limited per se and may contribute to the lack of power to detect some risk factors. Our multivariate analysis did not find significant difference between right and left pneumonectomy. These results are in agreement with others w3, 12x. Moreover, most of patients (70%) including in our study received chemotherapy before pneumonectomy. Two trials have found that outcomes of right and left pneumonectomies were similar in patients having undergone IC in contrast to patients having pneumonectomy alone w13, 14x. The observational nature of the study does not allow estimation of the cause-and-effect relation between the risk factors and outcome because of unmeasured confounding elements. Impact of IC on postoperative outcome is also not clear and studies with discordant results have been published w14x. Factors were studied individually and not combined. Others have found that combination between intraoperative V and fluid administration may T also increase the risk of ALI after thoracic surgery w4x. One may also criticize the extrapolation of the results due to the design of study with a single surgeon. However, other studies have found similar risk factors for complications after pneumonectomy w3, 4x. Moreover, the influence of surgical expertise is always a confounding factor that the current study tried to decrease by its design. Most of the patients did not receive single lung ventilation during the time of the procedure and intraoperative tidal volume was not strictly controlled. Results from observational studies needs to be confirmed in other settings. Randomized controlled trials are thus necessary to evaluate optimal ventilator management strategies.
In conclusion, the current study confirmed that pneumonectomy remains a high-risk procedure. Postoperative complications may be influenced by the presence of severe co-morbidity, the level of preoperative haemoglobin but also by the management of fluid administration and mechanical ventilation during the procedure.
